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THiERMALLY E^raANC£b WAfER-LE^^ CfllP SCALE IPACKAGE AND 
METHOD OF FABRICATING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

5 This invention relates to semiconductor packaging tedinology, and more particu* 

lariy, to a thennally-enhanced wafer-level chip scale package (WLCSP) and method of 
fabricating the same, which allows easy integration of a thermally-conductive stifiener to 
each package unit fabricated-through tiie WLCSP technology. 

2. Description of Rdated Art: 

10 WLCSP (Wafer-Level Chip Scale Package) is an advanced type of semiconductor 

package technology liiat allows the overall package size to be made very small to the level 
of the wafer thickness and chip area. The WLCSP type of SCTfucon^ctor packages can 
^chievQ this small size diie to the use of flip chip technology, in which the packaged chip is 
mounted in an upside-down maimer over a drciiited substrate and bonded to the same by 

1 5 means of solder bumps. The flip chip technology is well-known in the semiconductor indus- 
try, so description thereof will not be further detailed. 

A few of the patents related to WLCSP technologies are listed in the following: 

• U.S. Patent No. 6,103,552 "WAFER SCALE PAKCAGING SCHEME"; 

• U.S. Patent No. 6,011,314 "REDISTRIBUTION LAYER AND UNDER BUMP 
20 MATEERIAL STRUCUTRE FOR CONVERTING PERIPHERY CONDUCTIVE 

PADS TO AN ARRAY OF SOLDER BUMPS^ 

• U.S. Patent No. 5,902,686 "METHODS FOR FORMING AN INTERMEALLIC 
REGION BETWEEN A SOLDER BUMP AND AN UNDER BUMP 
METALLURGY LAYER AND RELATED STRUCUTRES"; 

25 -U.S. Patent No. 5,85 1,91 1 "MASK REPATTERN PROCESS "; and 
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• U.S. Patent No. 5,450,283 "THERMALLY ENHANCED SEMICONDUCTOR 
DEVICE HAVING EPOXED BACKSIDE AND METHOD FOR MAKING THE 
SAME\ 

The U.S. Patent No. 6,103,552 discloses a process Md a package for achieving wa- 
5 fer scale packaging. The U.S. Patent No. 5,450,^83 discloses a thermally enhanced semi- 
conductor device having an exposed backside, which is bonded to the substrate through 
FCBGA (Flip Chip BaU Grid Array) technology. The U.S. Patents No, 6,011,314, No. 
5,902,686, and No. 5,851,91 1 disclose new RDL (Redistribution Layer) technologies that 
are used to redistribute peripheral I/O points to predefined array locations to facilitate the 
1 0 bonding of solder bumps in the bumping process. 

Conventional WLCSP technolo^es, however, have the following drawbacks. 

First, heat^ssipation means is externally coupled to each individual package imit, 
which would make the overall packaging process highly laborious and time consuming and 
thus costly to implement. 
15 Second, since a raw wafCT is relative large in thickness^ typically fi'om 25 mil to 30 

mil, it has to imdergo a lapping process to grind away a back-side portion thereof so as to 
make the wafer thinner, typically down to 6 mil to 10 mil in thickness. The thinned wafer 
allows the final package size to be made more compact. One (drawback to the thinned wafer, 
however, is that it would make the singulated chip easily subjected to cracking or chipping 
20 during the flip-chip die bonding process. 

Third, since the packaged chip in WLCSP package is exposed without encapsula- 
tion, it would be easily subjected to cracking or chipping by external force during handling 
and transportation. 

Fourth, since the packaged cbip in WLCSP package is exposed without encapsula- 
25 tion, product serial numb^ or identification marks should be directly imprinted on the back- 
side of the packaged chip, typically through the use of laser imprinting means. One draw* 
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b,ckto.hemeofl^imprindngm=3i».h<«ever.U.ba.hbquhecostfyto 
the laser inwrimed iimla are conadertd qu»e poor in visibaity. 

SUMMARY OF 1ME INVENTION 
It b tterefore an objective of this tove«6o« to provide .,«w WLCSP te^^^^ 
5 ti^ dlows eaaer coupBn^ of thennaUy^nductive means to each of the chips in a 

semiconductor wafer. 

„ is another objective of this invendon to provide a ne« WIX;SP technology that 
.nows reinforcement to ti-e thim,ed wafer so as to prevent the chips singula,«i fh>m the 

«3fer agatast cracking or chipping during the flipihip die bonding process. 
0 i,issdIlanoa^objec.iveof.Msinvention.oprovideanewmCSPtechnology 

that can prevent the packaged chip ftom being cracked or chipped by e^ctema. force during 

handing or transportation. 

I.is,e.anoU.er*jectiveofthismventiontoprovideanewVW;SPtechno.ogytha. 

a«ows easy imprinting of prodMC. serial numbers or identification mari.s on each fimshed 
15 package unit without havmg to use laser imprinting means. 

Ina«ordancewiU,theforegoing and other objectives. thehwe«ionp,oposesa.ew 

WLCSP technotogy for ftbricadon 9f themaUy-enhanced WLCSP packages. 

The WLCSP technology according to the invention comprises the foUowing steps: 
(0 p^paring . sennconduc^. wafer having a ftont side and . back side, and whrf. .s 
20 pmlefined into a plurafity of integrated circuit chips; (2) performing a bumping process to 
bond a plumlity of solder bump, on the front side of the semiconductor wafer. (3) perfom. 
ing a back-side bpping process to grind away a back-side portion of the semiconductor 
(4) ^taohing a ti-ermaBy-conductive sti^ner to ti« b«* side of ti« semiconductor 
wafer. (5) performing a singulation process to cut apart each chip fh>m the semiconductor 
25 „ai«;».d(6)perfbrmingafBM#<Bebondingprocesstomounteachsingulat«.ch.pby 

means of the solder bumps onto a circuited substrate. 
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The WLCSP technology according to the invention is characterized by the attach- 
ment of the thermally-conductive stiflfener to the back side of the semiconductor wafer, 
which is subsequently cut during the singulation process into separate pieces respectively 
attached on each of the singulated integrated circuit chips. The thermally-conductive 
5 stiflfener not only serves as a heat-dissipation means for each chip during operation, but also 
serves to reinforce the chip so that the chip can be protected against cracldngior chipping 
during flip-chip die bonding process or during handling and transportation. 

BRIEF DESCRIPTION OF DRAWINGS 
The invention can be more liilly understood by reading the following detailed de- 
10 scription of the preferred embodiments, with reference made to the accompanying drawings, 
wherein: 

FIG. 1 is a schematic sectional diagram showing a semiconductor wafer predefined 
into a plurality of chips; 

FIG. 2 i^ a schematic sectional diagram showing the implementation of a bumping 
1 5 process on the sendconductor wafer of FIG. 1 ; 

FIG. 3 is a schematic sectional diagram showing the implementation of a back-^de 
lapping process on the semiconductor wafer of FIG. 2; 

FIG. 4 is a schematic sectional diagram showing the attachment of implementation 
of a thermally-conductive stiflfener on the semiconductorwafer of FIG. 3; 
20 FIG. S is a schematic sectional diagram showing the implementation of a singulation 

process on the semiconductor wafer of FIG. 4; 

FIG. 6 is a schematic sectional diagram showing the implementation of a flip-chip die 
bonding process for each singulated chip firom the semiconductor wafer of HG. 5; and 

FIG. 7 is a schematic sectional diagram showing a finished package unit fabricated 
25 through the WLCSP technology according to the invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A preferred embodiment of the WLCSP technology accorcUng to the invention is 
disclosed in fiiU details in the following with reference to FIG. 1 through FIG. 7. 

Referring to FIG. 1, by the WLGSP technology according to the invention, the jBrst : 
5 step is to prepare a semiconductor wafer 10 having a front side 10a and a back side 10b, and 
which is predefined into a plurality of regions, each being used for the fabrication of one 
single int^ated circuit chip (for simplification of the drawings, only three chips are demon- 
stratively illustrated, respectively labeled with the reference numerals 11, 12, 13). The front 
side 10a defines the active surfaces of the integrated circuit chips 11, 12, 13, while the back 

10 ^de lOb defines the inactive surfaces of the same. 

Referring fiirther to FIG. 2, in the next step, a bumping process is performed to bond 
an array of solder bumps 20 on the front side 10a of the semiconductor wafer 10 (i.e., the 
active surfaces of the integrated circuit chips 11, 12, 13). The bumping process is a conven- 
tional technique, so detailed steps thereof will not be further described. 

15 Referring fiirther to FIG. 3, in the next step, a back-side lapping process is per- 

fdrmed to grind away a back-side portion 10c of the semiconductor wafer 10. This allows 
the semiconductor wafer 10, whoise raw thickness is typically from 25 mil to 30 mil, to be 
thinned down to about from 6 mil to 10 mil in thickness. The thinned wafer 10 allows the 
final package size to be mader more compact in thickness. 

20 Referring fiirther to FIG. 4, in the next step, a thermally-conductive stifiFener 30, 

which is made of a thermally-conductive and rigjd material such as copper or copper alloy, is 
adhered to the back ade 10b of the senuconductor wafer 10 by means of a ftermally- 
conductive adhesive layer 40, such as silver epbxy. 

Referring fiirther to FIG. 5, in the next step, a singulation process is performed 

25 through the use of a sawing tool 61 to cut each of the integrated circuit chips 11, 12, 13 
apart from the semiconductor wafer 10. Through this singulation process, the thermally- 
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conductive stiffener 30 is also cut into separate pieces 31, 32, 33, respectively attached on 
each of the dngulated chips 11, 12, 13. 

Reforing further to FIG. 6, in the next step, a flip-chip die bonding process is per- 
formed through the use of a pickup head 62 to pick and mount each of the singulated chips 
5 11, 12, 13 (only the chip 11 is shown in FIG. 6) in an upside-down manner onto a circuited 
substrate 50, The chip 11 is then mechanically bonded and electrically coupled to the 
circuited substrate 50 by means of the solder bumps 20. 

During the foregoing process, since the chip 11 is attached with a piece of ther- 
mally-conductive stiflfener 31, it can be protected against cracking or chipping while being 
10 movmted forcefully by the pickup head 62 onto the circuited substrate 50. 

FIG. 7 shows the finished package imit fabricated through the steps depicted in FIG. 
1 through FIG. 6 according to the invention. During operation of the electronic device of 
this package unit, the thermally-conductive stiflfener 31 serves as a heat-dissipation means 
for the packaged chip 11, so that the overall heat-dissipation eflSdency can be enhanced. 
15 Compared to the prior art, the WLCSP techndlogy according to the invention has 

the following advantages. 

First, the thermally-conductive stiflTener 30 is attached to the semiconductor wafer 
10 and then cut into separate pieces 31, 32, 33 along with the associated chips 11, 12, 13 
during the singulation process^ which is considerably much more convenient to implement 
20 than the conventional method of attaching a small piece of thermally-conductive stiflfener to 
each of the singulated chips. 

Second, owing to the providon of the thermally-conductive stiflfener 30, the singu- 
lated chips 11, 12, 13 can be protected against cracking or chipping while being mounted 
onto a circuited substrate during the flip-chip die bonding process. 
25 Third, owing to the provision of the thermally-conductive stiflfener 30, the packaged 

chips 11, 12, 13 can be protected agaiiost cracking or chipping during handling or transpor- 
tation. 
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Fourth, the required product serial numbers or identification marks can be pre- 
molded on the thermally-conductive stififener 30, which is considerably easier and more 
cost-eflfective to implement than the us^ of laser imprinting means by prior art. 

The invention has been described using exemplary preferred embodiments. How- 
5 ever, it is to be understood that the scope of the invention is not limited to the disclosed 
embodhnents. On the contrary, it is intended to cover various modifications and similar 
arrangements. The scope of the claims, therefore, should be accorded the broadest inter- 
pretation so as to encompass all such modifications and similar arrangements. 
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